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Study on the efficient selection of porcine in vitro produced embryos 
and their expression of pluripotency-associated genes
In vitro embryo production (IVEP) of porcine embryos is an important tool not only for 
porcine gene banking but also for human biomedical research. However, in pigs, in vitro
fertilization (IVF) is characteristic with a high frequency of polyspermy, causing chromosomal 
abnormalities in embryos. Although various approaches have been tried for reduction of 
polyspermy in pigs, it still remains as major obstacle. Therefore, a reliable selection system for 
high quality embryos under polyspermy condition is essential for reproduction studies in pigs
of which high polyspermy is often unavoidable.
Study on gene expression especially pluripotency-associated genes and their 
repositioning during embryonic genome activation (EGA) is important for embryonic 
development and stem cell research. However, the information about allelic expression patterns,
location and repositioning of pluripotency-associated genes in mammalian embryos other than 
mice is little known. Although DNA/RNA fluorescence in situ hybridization (FISH) have been 
established in mouse embryos, they have not been set up in porcine embryos yet. Besides, the 
efficiency of FISH assays can be affected by frequency of abnormalities in embryos.
Therefore, the first study (Chapter 2) was aimed to examine the efficiency of embryo 
selection based on morphological features and timing of early cleavage in order to select good 
quality embryos under polyspermy condition. The embryos were produced by IVF under 
moderate and high polyspermy conditions. The 4-cell embryos were selected at 48 hr after IVF 
(single selection) and 8-cell embryos were selected at 79 hr after IVF from the collected 4-cell 
embryos (double selection). Both of single and double selection embryos showed high 
developmental competence to blastocyst under both moderate and high polyspermy conditions. 
However, blastocysts derived under high polyspermy condition had significantly fewer cells 
than those produced under moderate polyspermy condition. Moreover, the frequency of nuclear 
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and chromosomal abnormalities in 4- and 8-cell embryos produced under high polyspermy
condition were significantly higher in comparison to those under moderate polyspermy 
condition. These findings suggest that although high polyspermy affects the frequency of 
anomalies in nucleus and number of chromosome in porcine embryos produced by IVF,
subsequent selection based on morphological features of 4- and 8-cell embryos even under high 
polyspermy condition, could be an alternative option for selecting porcine embryos with high 
developmental ability. Furthermore, the 4- and 8-cell embryos produced under moderate 
polyspermy condition showed low rate of abnormalities. It would be associated improving the 
efficiency of DNA/RNA FISH assays which were utilized to examine allelic gene expression.
The second study (Chapter 3) was designed to evaluate the allelic expression and 
positioning of two pluripotency-associated genes, OCT4 and SOX2, and two housekeeping 
genes, ACTB and TUBA, in 4- and 8-cell porcine embryos which coincide with embryonic 
genome activation (EGA), utilizing RNA and DNA FISH assays. The expression of SOX2 in 
bi-allelism increased from 45% at the 4-cell stage to 60% at the 8-cell stage. Moreover, SOX2
was expressed bi-allelically in 8-cell embryos in significantly more blastomeres than those of 
OCT4. Also, this was associated with a tendency that SOX2 alleles move toward the nuclear 
interior during 4- to 8-cell transition. However, OCT4 alleles did not change significantly radial 
location during this transition. The locations of active and inactive alleles also were measured 
based on DNA/RNA FISH assays. Active OCT4 alleles were more centrally disposed in the 
nucleus meanwhile inactive OCT4 alleles located in very close to the nuclear membrane. 
Nevertheless, active and inactive SOX2 alleles did not change location in the nucleus in either 
4- or 8-cell blastomeres. The present results provide novel information on the allelic expression 
patterns and positioning of pluripotency-associated genes, OCT4 and SOX2, during EGA in 
pigs.
In conclusion, the first study demonstrated that although polyspermy affects the 
frequency of abnormalities in embryos, subsequent selection of 4- and 8-cell embryos based on 
morphological features and timing of early cleavage would be effective. This knowledge will 
contribute as an alternative option for selection of high developmental competence embryos 
produced by IVF even under high polyspermy condition. The second study revealed that the 
repositioning of SOX2 alleles coincided with an increase in the percentage of blastomeres with 
bi-allelic expression during these stages of EGA, and the expression of OCT4 correlated with 
its nuclear location. To my knowledge, it is the first study on allelic expression in mammalian 
embryos other than mice. The information should be useful for improvement of embryonic 
development as well as stem cell research.


